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AMENDMENTS TO THE CLAIMS 



1. (original) A 
input and an output, the 
producing input 
operating the clutch 
calculating the temperature 
establishing a 
comparing the 



1 reference 



and 



if the calculated 
temperature, then increasirig 
calculated temperature 



method for controlling a clutch that driveably connects an 
method comprising the steps of: 
tordue at the clutch; 
partially engaged; 
e of the clutch; 
clutch temperature; 
calculated clutch temperature and reference clutch temperature; 



clutch temperature equals or exceeds the reference clutch 

the degree of clutch engagement sufficiently to reduce the 
of the clutch. 



2. (currently 
operating the clutch in a 
determining the 



amended) 



parti. 



The method of claim 1 > wherein the step of 
ially engaged condition includes the steps of: 
curtent clutch slip; 

desired portion of the input torque to be transmitted by the 



3. (original) 
the degree of clutch 
temperature of the clutch 



establishing a firit 
clutch to the second output: 

determining a first magnitude of clutch torque corresponding to the first desired 
portion; 

determining a seiond : 
oee&ad output in proportion 

changing the magnitude < 
first and second magnitudes. 



[ magnitude of clutch torque to be transmitted to the 
to the current clutch slip; and 

i of torque transmitted by the clutch to the sum of the 



The 



method of claim 1 , wherein the step of then increasing 
over a period sufficient to reduce the calculated 
includes the step of fully engaging the clutch. 



engagement 
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4. (original) 
temperature of the clutch, 

repetitively calculai 
time intervals; and 

maintaining a 
interval. 



Thle method of claim L wherein the step of calculating the 
i icludes the steps of: 

ting the change of temperature of the clutch over successive 
running total of the change of clutch temperature over each 



THc 



5. (original) 
calculating the change 

repetitively calculating 
clutch over successive intervals 

determining the thetfmal 

dividing the differential 
interval by the thermal ma^s 



method of claim 4, wherein the step of repetitively 
of temperature of the clutch, includes the steps of: 

the differentia] change in power transmitted by the 



Tie 



Tie 



mass of the clutch; and 

change in power transmitted by the clutch over an 
of the clutch. 



method of claim 5, wherein the step of repetitively 
change in power transmitted by the clutch over a time 
of: 

the magnitude of power transmitted to the clutch input 



6. (original) 
calculating the differential 
interval, includes the steps 

repetitively determining 
over successive intervals; 

repetitively determining the magnitude of power transmitted from clutch output 
over successive intervals; 

repetitively calculating 
input and the magnitude o: 



md 

tng of the difference in the magnitude of power at the clutch 
power at the clutch output over each interval 



method of claim 6, wherein the step of repetitively 
of power over an interval at the clutch output, includes the 



7. (original) 
determining the magnitud 
steps of: 

determining the clujtch gain 
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repetitively determining the magnitude of pressure at the clutch servo at 
successive intervals; 

repetitively detenWing the speed of the clutch output at successive intervals; 

and 

repetitively calculating the product of clutch gain, speed of the clutch output, 
and the magnitude of press ire at the clutch servo at each interval 

8. (original) Trie method of claim 7, wherein the step of determining the 
clutch gain, includes the stfeps of: 

determining the ave -age coefficient of friction of a friction disc-spacer plate 
pair located in the clutch; 

determining the number of disoplate pairs in the clutch; 

determining the effective friction area of the disc-spacer pairs; 

determining the effective radius of the frictionat area of the disc-plate pairs 
from the axis about which the clutch rotates; and 

calculating the prodjuct of said the average coefficient of friction, said number 
of disc-plate pairs, said effective friction area, and said effective radius. 

i 

9. (original) lie method of claim 1, further comprising the step of: 
establishing a threshold clutch temperature that is higher than the reference 

clutch temperature; | 

comparing the calculated clutch temperature and threshold clutch temperature; 
and | 

if the calculated clujtch temperature equals or exceeds the threshold clutch 
temperature, then flilly engaging the clutch. 

1 0. (withdrawn) A method for controlling, with the aid of a digital 
computer, a clutch through which a clutch input and a clutch output are driveably 
connected, the method comprising the steps of: 
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inputting to and cxeUting in the computer a computer readable program code 
algorithm for operating the clutch partially engaged; 

providing the computer with a data base including at least a reference clutch 
temperature; 

providing a signal in the computer responsive to the beginning of execution 
the algorithm; 

initializing in the 

sum; 

repetitively calculat 
the algorithm the change o 



computer in response to the signal a running arithmetic 



clutch temperature and 
if the magnitude 



sum. 



mg in the computer at frequent intervals during execution of 
temperature of the clutch during each interval; 
repetitively updating in the computer the running sum with the calculated 
change of clutch temperattlre over each interval; 

repetitively comj aring in the computer at frequent intervals the reference 
the magnitude of the running sum; and 

:>f the running sum equals or exceeds the reference clutch 
temperature, issuing a Aommand from the computer causing an increase in the 
degree of clutch engagement sufficient to reduce the magnitude of the running 



11. (withdrawn) 
command from the 

terminating 

issuing a command 
engaged. 



The method of claim 1. wherein the step of issuing a 
computer further comprises: 
execution in the computer of the algorithm; and 

from the computer causing the clutch to become fully 



12. (withdrawn) The method of claim 1 1 , further comprising the step of: 
providing the computer with a data base including the thermal mass of the 
clutch; and 

wherein the step ofjrepetitivcly calculating the change of temperature of the 
clutch includes the steps of repetitively calculating in the computer at frequent 



intervals: 



-5- 
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the differential change in power transmitted by the clutch over successive 
intervals; 

determining the theijmal mass of the clutch; and 
dividing the differential change in power transmitted by the clutch over an 
interval by the thermal mas $ of the clutch. 



13- (withdrawn) 
calculating the differential 



The method of claim 12, wherein the step of repetitively 
change in power transmitted by the clutch over a tune 
interval includes the steps of repetitively calculating in the computer at frequent 
intervals: 

repetitively calculating in the computer the magnitude of power transmitted to 
the clutch input over successive intervals; 

repetitively calculating in the computer the magnitude of power transmitted 
from clutch output over subcessive intervals; and 

repetitively calculating of the difference in the magnitude of power at the clutch 
input and the magnitude of power at the clutch output over each interval. 



X 1g 1 



14. (withdrawn) 

providing the 

repetitively provjdi 
a magnitude of pressure at 

wherein the step 
interval at the clutch outptlt 
computer at frequent intervals 

the product of the 
pressure at the clutch servb 



15. (withdrawn) 
providing the co 
friction of a friction disc-: 



mj ut 



The method of claim 13, farther comprising the steps of: 
computer with a data base including a clutch gain; and 

the computer at frequent intervals with input representing 
the clutch servo, and a speed of the clutch output; and 
oflrcpctitively calculating the magnitude of power over an 
includes the step of repetitively calculating in the 



qlutcb gain, speed of the clutch output, and the magnitude of 
at each interval. 



The method of claim 14, further comprising the step of: 
:er with a data base including the average coefficient of 
spacer plate pair located in the clutch, the number of said 
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disc-plate pairs, the effective friction area of the disc-spacer pairs, and the effective 
radius of the factional area of the disc-plate pairs from the axis about which the clutch 
rotates; and 

wherein the step of repetitively calculating the clutch gain includes the step of 
calculating the product of said average coefficient of friction, said number of disc- 
plate pairs, said effective friction area, and said effective radius. 

16. (withdrawn) The method of claim 14, farther comprising the steps of: 
providing the computer with a data base including a threshold clutch 

temperature that is higher than the reference clutch temperature; and further 

comprising the steps of: 

comparing the calculated clutch temperature and threshold clutch temperature; 

and 

if the calculated c).u :ch temperature equals or exceeds the threshold clutch 
temperature, then fully engaging the clutch. 



17. (original) In 



a transfer case having first and second outputs, a system for 



controlling a clutch that driveably connects the first output and second output, 
comprising: 

means for operating the clutch partially engaged; 

means for calculating the temperature of the clutch; 

establishing a reference clutch temperature; 

means for compari4g the calculated temperature of the clutch and reference 
clutch temperature; and 

means for producing an output signal for increasing the degree of clutch 
engagement sufficiently tq reduce the calculated temperature of the clutch, if the 
calculated temperature of |he clutch equals or exceeds the reference clutch 
temperature. 
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18. (original) Th|e system of claim 17, wherein the output signal producing 
means fully engages th e clutch if the calculated temperature of the clutch equals or 
exceeds the reference clutch temperature. 



Tie 



: souice: 



19, (original) 

a fluid pressure 

a servo through whi 
and disengage the clutch; 

a solenoid communicating 
magnitude of pressure in 



the 



system of claim 17, further comprising: 
h the clutch is alternately pressurized and vented to engage 



alnd 



ing with the output producing means for increasing a 
servo in responsive the output signal. 



20. (withdrawn) jln a vehicle drive line having an engine controlled by a 
throttle position, a method for controlling a clutch that driveably connects an input and 
an output with varying degrees of clutch engagement, the method comprising the steps 
of: 

operating the clutch partially engaged; 

determining a current throttle position, throttle rate, and vehicle speed; 

determining a first desired clutch engagement corresponding to the current 
throttle position and vehicle speed; 

determining a secord desired clutch engagement corresponding to the current 
throttle rate and vehicle spsed; and 

changing the degrees of clutch engagement to the greater of the first desired 
clutch engagement and the second desired clutch engagement. 

21 . (withdrawn) The method of claim 20, further comprising: 

determining a length of a first period that begins upon initiating partial 

i 

engagement of the clutch; | 

reducing the first desired clutch engagement by a factor whose magnitude 
varies inversely with the length of the first period; and 
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of cl utch engagement to the greater of the first desired 
second desired clutch engagement. 

The method of claim 21, further comprising: 
desired clutch engagement for a second period of 



changing th e degree 



changing the degree 
chitch engagement and the 

22. (withdrawn) 
maintaining the first 

predetermined length. 

23 . (withdrawn) The method of claim 20, further comprising: 
determining a reference clutch engagement; 
determining a difference between the second desired clutch engagement and the 

reference clutch engagement; 

reducing the second desired clutch engagement by a magnitude that varies 
directly with said differende; and 



clutch engagement and second desired clutch engagement. 



24. (withdrawn) 
second desired clutch 

subtracting from 
decreases as the magnitude 



engagement 



titws 



determining a second 
second output in proportion 



of clutch engagement to the greater of the first desired 



The method of claim 20, wherein the step of reducing the 

further comprises: 
second desired clutch engagement a magnitude that 
of said difference decreases. 



The method of claim 20, wherein the step of operating the 
condition includes the steps of: 
currekit clutch slip; 

; desired portion of the input torque to be transmitted by the 



25, (withdrawn) 

clutch in a partially engag<td i 

determining a i 

establishing a first < 
clutch to the second outpu : 

determining a first Magnitude of clutch torque corresponding to the first desired 

portion; 



. magnitude of clutch torque to be transmitted to the 
i to the current clutch slip; and 
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changing the magnitude of torque transmitted by the clutch to the sum of the 
first and second magnitudes- 



26. (withdrawn) 
degree of clutch engagement 
temperature of the clutch i 



The meth od of claim 20, wherein the step of increasing the 
over a period sufficient to reduce the calculated 
iiicludes the step of fully engaging the clutch. 



vdth 



27. (withdrawn) 
controlled by throttle, a system 
output and second output 

means for 

means for 

speed; 

means for determining 
current throttle position anfi 

means for determining 
the current throttle rate anc 
means for producing 
greater of the first desired 
engagement, whereby the 
command signal. 



In a transfer case, dri veably connected to an engine 

for controlling a clutch that driveably connects the first 
varying degrees of clutch engagement, comprising: 
operating! the clutch partially engaged; 

determining a current throttle position, throttle rate and vehicle 



a first desired clutch engagement corresponding to the 
the current vehicle speed; 

a second desired clutch engagement corresponding to 
the current vehicle speed; 

a command clutch duty cycle signal representing the 
clutch engagement and the second desired clutch 
degree of clutch engagement is changed in response to the 



28. (withdrawn) 
a fluid pressure source 
a servo through which 
change the degree of clutch 
a valve operated by 
pressure source and the sefvo 
applied to the solenoid 



The system of claim 27, further comprising: 



the clutch is pressurized from the pressure source to 
engagement; and 

a solenoid for opening communication between the 
in response to the clutch duty cycle command signal 
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29. (withdrawn) 

means for determi 
partial engagement of the 

means for the first 
varies inversely with the 

means for changing 
desired clutch engagement 



The system of claim 27, further comprising: 
inihg a length of a first period that begins upon initiating 
clutch; 

desired clutch engagement by a factor whose magnitude 
le igth of the first period; and 
the degree of clutch engagement to the greater of the first 
and the second desired clutch engagement. 



30. (withdrawn) 
means for maintaining 
of predetermined length, 



31. (withdrawn) 



means for 

means for determining 
engagement and the 

means for reducing 
varies directly with said dijffi 

means for cl 
desired clutch engagement 



> reference 



32. (withdrawn) 
second desired clutch 

subtracting from 
decreases as the magnitude 



The system of claim 27, further comprising: 

the first desired clutch engagement for a second period 



The method of claim 27 5 further comprising: 
determining a reference clutch engagement; 

a difference between the second desired clutch 
clutch engagement; 
the second desired clutch engagement by a magnitude that 
erence; and 

;hangm^ the degree of clutch engagement to the greater of the first 
and second desired clutch engagement. 



The method of claim 27, wherein the step of reducing the 
engagement further comprises: 
the second desired clutch engagement a magnitude that 
of said difference decreases. 
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